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Calibration Curves of Fxamnle 1

FIG. 2: Results from Field Test | in Example 2.
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Results of Field Test 2 (Example 2)

Flugrometel

FIG. 3: Results from Field Test 2 in Example 2.
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ON-LINE DETECTION OF ORGANIC
CONTAMINANT IN CONDENSATE SYSTEM
OF SUGAR PRODUCTION PROCESSES
USING FLUORESCENCE TECHNOLOGY

FIELD OF THE INVENTION

The invention is a method of measuring impurities in a fluid
and preventing contamination of energy transfer fluid. The
fluid is expelled from a process and can be used to feed an
energy transfer system.

BACKGROUND

The food processing industry employs vast quantities of
water to create purified food products. Among the food indus-
tries with high volumes of water requirements are the sugar
cane processing, sugar beet processing, fruit and vegetable
processing, meat and poultry processing, grain processing,
fat and oil processing, and dairy product processing indus-
tries. Unit operations that are most common to the various
types of food processing listed above include energy transfer
systems, particularly boiler systems. Boiler systems have a
high demand for make-up water. Particularly in sugar pro-
cessing, the expelled fluid is typically warmer than ordinary
tap water, providing an ideal feed source for a heat-adding
energy transfer system such as a boiler system.

Much of the fluid expelled from food processing plants is
water and can be re-used in processing operations if it is
sufficiently pure. Impurities in the expelled fluid can cause
significant problems in an energy transfer system and must be
monitored. To prevent these impurities from entering the
energy transfer system, it is important to first detect those
impurities present in the fluid that is expelled from a food
processing stream. If the impurities become concentrated
over a certain level, the expelled fluid should be prevented
from entering the energy transfer system.

The problems associated with the recycling the expelled
fluid for energy transfer systems, particularly boiler systems,
may be taken as exemplary in the evaluation of the need for
efficient methods for detection of impurities in the fluid
expelled from food processing systems. Boiler system feed
water, which normally is comprised of both makeup water
and recirculated condensate water, contains some impurities
regardless of the extent to which such waters are treated
before being fed to a boiler. When steam is generated, sub-
stantially pure water vapor is discharged from the boiler leav-
ing the impurities (the dissolved and suspended solids)
behind, which results in the increase of their concentration in
the boiler water. The discharged steam is replaced by con-
taminant-containing feedwater. An ever increasing concen-
tration of dissolved and suspended solids in the boiler water
inevitably results in very serious problems, including deposit
formation, corrosion, foaming and carry over, decreased heat
transfer efficiency, boiler tube failure or occlusion, for
example. Boiler-impurities concentration (Boiler solids con-
centration) is offset by withdrawing water as normal blow-
down. The heat energy in the normal blowdown, however, is
a major factor reducing a boiler’s thermal efficiency, and
therefore a blowdown rate in excess of that required to limit
solids concentration should be avoided. An excessive blow-
down rate also unnecessarily increases water costs.

By recycling the expelled fluid into the energy transfer
system, a typical food processing facility becomes more effi-
cient in its energy and water use. The expelled fluid is typi-
cally reasonably pure and rich in energy. Certain events can
cause the expelled fluid to take on contamination levels that
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can result in significant problems in an energy transfer sys-
tem, particularly a boiler system.

Inthe sugar industry, the condensate released by a multiple
effect evaporator (“MEE”) is an example of a typical expelled
fluid. MEE condensate is relatively pure and warm. Certain
events, however, can cause MEE condensate to become
overly contaminated. Examples of these events include steam
carry-over, foaming induced by MEE control issues, leaking
of sugar thin juice into the stream, or other causes. These
events are more likely to happen during operation upsets and
can cause “sugar shot,” which accounts for a sharp increase in
contaminant levels. Contamination is generally comprised of
organic salts, inorganic salts, and sucrose. If sugar shot is not
timely detected, the contaminants will be recycled into the
energy transfer system. The contaminants may cause the
energy transfer fluid to become acidic, causing any of the
well-known and well-documented problems associated with
acidic boiler water. Hence, on-line detection of contamina-
tion in reuse fluid with good sensitivity and reliability is
critical.

Leak detection for temperature-conditioning fluids of the
food processing industry among others is disclosed in Hoots
et al. (U.S. Pat. Nos. 5,304,800 and 5,416,323).

Bertin et al. (U.S. Pat. No. 5,658,798) discusses a method
of monitoring contamination in a food processing stream
using fluorescence. Bertin deals with detection of food con-
taminants that result from leaks in a food processing system.
Bertin fails to disclose control methods that prevent a con-
taminated stream from entering an energy transfer system.
Bertin also fails to disclose the precise method of detecting
the contaminants.

Alfano et al. (U.S. Pat. No. 6,255,118) discusses the use of
all solid-state fluorometers in industrial processes. Alfano
further deals with measurement and control of additives in an
energy transfer system that uses solid-state light-emitting and
-detecting devices. Where Alfano may disclose certain ranges
of'wavelengths to be used, Alfano fails to disclose the precise
method of detecting the contaminants as discussed herein.

Additionally, Hoots et al. (U.S. Pat. Nos. 5,411,889; 5,389,
548; 5,435,969) teaches monitoring by fluorescence in indus-
trial water systems, which may include water systems of the
food processing industry. Yet in each of those patents, the
material to be monitored is a water treatment agent such as a
scale inhibitor, a corrosion inhibitor, a dispersant, a surfac-
tant, or an anti-foaming agent. None of these three patents
directly addresses the particular problem of the food process-
ing industry as disclosed herein.

Currently, several off-line and on-line methods of sugar
detection exist. The off-line methods include qualitative
alpha-naphthol, sodium/potassium analyzers and molybdate
ammonium/phenol sulfuric, total organic carbon (TOC), near
infrared (nIR) testing. Few are able to provide on-line moni-
toring to contamination and are highly labor- and time-con-
suming. Those few that provide on-line monitoring are
expensive, too sensitive, or both. Using pH and conductivity
probes to monitor boiler feedwater and blowdown is also
applied in some sites as on-line detection methods. However,
these methods typically lack sensitivity, accuracy, and reli-
ability.

Accordingly, there is a need for an on-line detection
method. Desirably, the method will be capable of detecting
impurities associated with sugar shot with sensitivity, accu-
racy, and reliability. More desirably, the method will be
capable of diverting overly contaminated fluid from entering
an energy transfer system.

SUMMARY OF THE INVENTION

The invention is a method of measuring impurities in a fluid
and preventing contamination of energy transfer fluid. The
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fluid is expelled from a process and is used to feed an energy
transfer system when the fluid is suitably pure. The constitu-
ent measured is a fluorescing impurity, the presence of which
indicates the further presence of other impurities that are
harmful to an energy transfer system. The method is appli-
cable to the following food processing operations among
others: meat, vegetable oil, sugar beet, sugar cane, grain,
poultry, fruit, and soybean processing operations.

The invention optionally controls a fluid stream from enter-
ing an energy transfer system by measuring certain impurities
associated with food processing. The impurities are measured
using fluorescent light at specific wavelengths. The quantified
presence of the impurities in the fluid stream can be correlated
to the presence of other impurities in the fluid stream that are
known to cause problems ifintroduced into an energy transfer
system, particularly a boiler system. Once detected, the fluid
stream can be diverted from entering the energy transfer
system.

These and other features and advantages of the present
invention will be apparent from the following detailed
description, in conjunction with the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The benefits and advantages of the present invention will
become more readily apparent to those of ordinary skill in the
relevant art after reviewing the following detailed description
and accompanying drawings, wherein:

FIG. 1 is a graphical display of the calibration curves
derived in Example 1;

FIG. 2 is a graphical display of Field Test 1 performed in
Example 2; and

FIG. 3 is a graphical display of Field Test 2 performed in
Example 2.

DEFINITIONS

“Channel” refers to a combination of a fluorescence exci-
tation wavelength paired with a fluorescence emission wave-
length that is used to perform one measurement and creates
the basis for a correlation of the measurement with a particu-
lar contaminant. For example, a 280 nm excitation light
source and a 340 nm emission light filter is a channel that is
used to perform one measurement.

“Excitation light source” refers to anything that produces
fluorescent excitation light at a given wavelength or range of
wavelengths. The excitation light source typically comprises
a fluorescent light source such as an LED coupled with a
bandpass filter at a particular wavelength; however, other
devices may be used to produce excitation light at a wave-
length or range of wavelengths.

“About” refers to a range of variables. When used in refer-
ence to a range of wavelengths, “about” refers to a range of
wavelengths that is £20 nm.

DETAILED DESCRIPTION OF THE INVENTION

While the present invention is susceptible of embodiment
in various forms, there will hereinafter be described a pres-
ently preferred embodiment with the understanding that the
present disclosure is to be considered an exemplification of
the invention and is not intended to limit the invention to the
specific embodiment illustrated.

It should be further understood that the title of this section
of this specification, namely, “Detailed Description of the
Invention,” relates to a requirement of the United States
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4

Patent Office, and does not imply, nor should be inferred to
limit the subject matter disclosed herein.

The invention is a method of measuring impurities in a fluid
and preventing contamination of energy transfer fluid. The
fluid is expelled from a food processing system and is typi-
cally reused in an energy transfer system because the fluid is
rich in energy. Impurities in the fluid can include fluorescing
compounds, with the concentration of the fluorescing com-
pounds correlating to a concentration of sucrose, organic
salts, and inorganic salts. Sucrose, organic salts, and inor-
ganic salts are recognized as harmful compounds when
present in energy transfer systems, especially boiler systems,
and should be prevented from entering said systems.

The invention shines excitation fluorescent light at specific
wavelengths into the fluid that is expelled by the food pro-
cessing system. One way of achieving specific wavelengths
requirement is to employ filters that prevent all but the desired
wavelength to pass through. When exposed to the fluorescent
light of the specific wavelengths, the expelled fluid in turn
emits emission fluorescent light. Only certain wavelengths of
emission fluorescent light should be measured, and wave-
length filters are employed to allow emission fluorescent light
of only certain wavelengths to pass through to the detector.
The detection allows for the quantification of the concentra-
tion of fluorescing organic impurities that are found in sugar
thin juice. The measured concentration of these impurities
can be correlated with the concentration of the recognized
harmful compounds.

The fluorescent wavelengths employed by the invention
include four channels specific to measuring the fluorescing
organic impurities typically associated with sugar thin juice.
Two of these impurities are tryptophan and 1,3,6,8-pyrene-
tetrasulfonic acid (“PTSA”). The following two fluorescent
wavelength combinations can be used to measure the concen-
trations of these two compounds: a) 320 nm excitation fluo-
rescent light directed through the fluid and paired with 406
nm emission fluorescent detection; and b) 320 nm excitation
fluorescent light directed through the fluid and paired with
409 nm emission fluorescent light detection. Optionally, the
invention may also employ the following four channels: ¢)
280 nm excitation fluorescent light directed through the fluid
and paired with 340 nm emission fluorescent detection; d)
365 nm excitation fluorescent light directed through the fluid
and paired with 409 nm emission fluorescent light detection;
e) 280 nm excitation fluorescent light directed through the
fluid and paired with a turbidity detection filter; and f) 365 nm
excitation fluorescent light directed through the fluid and
paired with 406 nm emission fluorescent light detection. All
excitation fluorescent light of the aforementioned wave-
lengths can be created by a fluorescent light source such as an
LED, with the excitation fluorescent light being filtered at the
desired wavelength. The excitation fluorescent light filtering
can be accomplished using bandpass filters. Turbidity may
also be detected using excitation fluorescent light at either
320 nm or 365 nm.

The detection at the aforementioned wavelengths and tur-
bidity is also achieved using fluorescent light filtering tech-
niques that are applied to the emission fluorescent light. The
emission fluorescent light filtration at the 406 nm wavelength
channels can be accomplished using bandpass filters, while
the filtration at the 409 nm wavelength channels can be
accomplished using longpass edge filters. A turbidity detec-
tion filter is used to detect turbidity.

The data generated by the invention is used to control the
fluid from entering an energy transfer system when the fluid is
deemed too rich in impurities. For instance, the invention’s
user can set an impurity concentration setpoint that, when
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exceeded, triggers a flow stopping mechanism to close. The
detection may provide an input into a control system that
triggers a valueto close, a pump to start or stop, or any number
of typical process control operations. The flow stopping
mechanism stops the fluid from entering the energy transfer
system, preventing the energy transfer system fluid from
becoming contaminated with the exceedingly impure fluid.
Preferentially, the fluid is continuously monitored and con-
trolled while all associated processes (food processing sys-
tem(s), energy transfer system(s), etc.) are continuously
operational. However, one of skill in the art will appreciate
that the invention is capable of being practiced in batch,
continuous, as-needed, or in any other manner.

The fluid measured for fluorescing impurities is typically
expelled from a food processing system. The fluid is typically
water of reasonable purity that is expelled as condensate from
MEEs. The food processing system may be a sugar process-
ing plant. The condensate may contain concentrations of
sucrose, organic salts, or inorganic salts. The condensate is
typically collected and fed to an energy transfer system. The
energy transfer system is typically a system that provides heat
to the food processing system or any other operation requiring
heat input. The energy transfer system typically includes a
boiler.

EXAMPLES

While not intending to limit the invention to any particular
embodiment other than that described in the claims, several
examples are described below to allow one to better under-
stand the invention.

Example 1

Fluorescence scans for six sets of sugar cane juice samples
were performed. Six combinations of excitation and emission
fluorescent light wavelength filters were used to perform the
scans: 280 nm bandpass excitation filter with 340 nm band-
pass emission filter (“EX280/EM340); 280 nm bandpass
excitation filter with a turbidity detection filter (“EX280/EM-
T7); 320 nm bandpass excitation filter with 406 nm bandpass
emission filter (“EX320/EM406”); 320 nm bandpass excita-
tion filter with 409 nm longpass edge emission filter
(“EX320/EM409”); 365 nm bandpass excitation filter with
406 nm bandpass emission filter (“EX365/EM406”); and 365
nm bandpass excitation filter with 409 nm longpass edge
emission filter (“EX365/EM409”). The calibration solution
for the fluorometer contained two kinds of fluorophores: 0.1
ppm tryptophan for the 280 nm channels; and 0.1 ppm PTSA
for the 320 nm and 365 nm channels.

Bench-top tests were conducted to evaluate the response of
the selected channels to different concentrations of sugar cane
juice in order to create calibration curves. Samples were
prepared by spiking deionized water with 0, 0.05%, 0.10%,
0.15%, and 0.20% of sugar thin juice and measured at the
aforementioned channels. The aforementioned excitation
light wavelengths were projected into the samples, with emis-
sion fluorescent light being filtered and detected by a fluo-
rometer. Readings from the following channels were plotted
as a function of percent sugar thin juice: EX280/EM340,
EX320/EM406, EX320/EM409, EX365/EM409 (see FIG.
1). As shown in FIG. 1, fluorescence intensity measured from
these four channels was a linear function of the sugar thin
juice concentration in deionized water, even at low contami-
nation levels (=0.20%).

Example 2

Two separate field trials were performed on MEE conden-
sate at two sugar plants employing the same channel configu-
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6

ration as in Example 1 to measure impurities in the MEE
condensate. FIGS. 2 and 3 show the respective results of these
field trials. The fluorometer readings were compared to analy-
ses performed by workers of each sugar plant. These analyses
employed the ammonium molybdate colorimeric method,
and the fluorometer readings were comparable to the analy-
ses.

All patents referred to herein, are hereby incorporated
herein by reference, whether or not specifically done so
within the text of this disclosure.

In the present disclosure, the words “a” or “an” are to be
taken to include both the singular and the plural. Conversely,
any reference to plural items shall, where appropriate, include
the singular.

From the foregoing it will be observed that numerous
modifications and variations can be effectuated without
departing from the true spirit and scope of the novel concepts
of the present invention. It is to be understood that no limita-
tion with respect to the illustrated specific embodiments or
examples is intended or should be inferred. The disclosure is
intended to cover by the appended claims all such modifica-
tions as fall within the scope of the claims.

We claim:

1. A method of detecting impurities in a fluid, the fluid
expelled from a process, the method comprising:

detecting an impurity in the fluid using a fluorescence
detection system, wherein the fluorescence detection
system comprises at least two channels, the at least two
channels comprising:

a first channel, the first channel comprising an excitation
light source having a wavelength in a range from 300 to
340 nm, and a 406 nm wavelength bandpass emission
filter, and a second channel, the second channel com-
prising an excitation light source having a wavelength of
in a range from 300 to 340 nm, and a 409 nm wavelength
longpass emission filter.

2. The method of claim 1, wherein the fluorescence detec-
tion system comprises an additional channel, the additional
channel comprising an excitation light source having a wave-
length in a range from 345 to 385 nm, and a 409 nm wave-
length longpass emission filter.

3. The method of claim 1, wherein the fluorescence detec-
tion system comprises an additional channel, the additional
channel comprising an excitation light source having a wave-
length in a range from 260 to 300 nm, and a 340 nm wave-
length bandpass emission filter.

4. The method of claim 1, wherein the fluorescence detec-
tion system comprises an additional channel, the additional
channel comprising an excitation light source having a wave-
length in a range from 345 to 385 nm, and a 406 nm wave-
length bandpass emission filter.

5. The method of claim 1, wherein the fluorescence detec-
tion system comprises an additional channel, the additional
channel comprising an excitation light source and a turbidity
detection filter.

6. A method of detecting impurities in a fluid, the fluid
expelled from a process, the method comprising:

detecting an impurity in the fluid using a fluorescence
detection system, wherein the fluorescence detection
system comprises at least two channels, the at least two
channels comprising:

a first channel, the first channel comprising a 320 nm
wavelength excitation light source and a 406 nm wave-
length bandpass emission filter, and

a second channel, the second channel comprising a 320 nm
wavelength excitation light source and a 409 nm wave-
length longpass emission filter.
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7. A method of regulating a fluid entering an energy trans-
fer system, wherein a process expels the fluid, the method
comprising:

detecting an impurity in the fluid using a fluorescence
detection system, wherein the fluorescence detection
system comprises:

a first channel, the first channel comprising a 320 nm
wavelength excitation light source and a 406 nm wave-
length bandpass emission filter, and

a second channel, the second channel comprising a 320 nm
wavelength excitation light source and a 409 nm wave-
length longpass emission filter;

determining a concentration of the impurity from the
detection;

comparing the concentration of the impurity to a setpoint;
and

providing an input into a control system, wherein the input
is derived from the comparing.

8. The method of claim 7, wherein the control system

prevents the fluid from entering the energy transfer system
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when the input indicates that the concentration of the impu-
rity is greater than the setpoint.

9. The method of claim 7, wherein the fluorescence detec-
tion system comprises an additional channel, the additional
channel comprising a 365 nm wavelength excitation light
source and a 409 nm wavelength longpass emission filter.

10. The method of claim 7, wherein the fluorescence detec-
tion system comprises an additional channel, the additional
channel comprising a 280 nm wavelength excitation light
source and a 340 nm wavelength bandpass emission filter.

11. The method of claim 7, wherein the fluorescence detec-
tion system comprises an additional channel, the additional
channel comprising a 365 nm wavelength excitation light
source and a 406 nm wavelength longpass emission filter.

12. The method of claim 7, wherein the fluorescence detec-
tion system comprises an additional channel, the additional
channel comprising an excitation light source and a turbidity
detection filter.

13. The method of claim 7, wherein the fluid is a conden-
sate expelled from a multiple effect evaporator.
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